Abstract: Micro particles and nanoparticles applied in microfluidics became a popular direction to improve biochip performance. Magnetic beads are the well-studied carriers including manipulation and surface modification, which could be easily to apply in biosensor development. A new methodology combined the actuators and sensor in the same chip all trigged by illumination is proposed in this study. A microfluidic chip with a-Si:H layer and ITO/glass with proper operation could be used to collect magnetic beads firstly and then following the optoelectrical measurement. In the meantime, 2D images for clusters of magnetic beads can be easily achieved with the addressable illumination. This proposed platform could own the high potential for a sensor array with better sensing performance.
Introduction
Magnetic beads had been widely investigated as the carrier for surface modification and drug delivery due to easy control, small size and high surface area [1] . Recently, many medical sensors combined with magnetic beads had delivered good performance in various applications including environmental [2] , DNA [3] , Alzheimer Disease [4] , and E. coli. Detection [5] . Normally, the control of magnetic beads can be achieved by the modification of magnetic force. However, a new operation methodology is conducted to manipulate magnetic beads and measure the difference of surface potential based on the light-addressable potentiometric sensor (LAPS) in this study.
Materials and Methods
Hydrogenated amorphous silicon (a-Si:H) layer deposited on indium tin oxide (ITO)/glass had been proven as semiconductor layer of LAPS [6] . The a-Si:H layer was processed by high density plasma chemical vapor deposition (HDPCVD) in National Nano Device Laboratories (NDL) in Taiwan. Device structure was modified with adding microfluidics constructed by patterned glue tape with thickness of 60 µm and a top electrode of ITO/glass. 2 via holes were penetrated from top ITO/glass to make solution flow with magnetic beads as shown in Figure 1a . The schematic plot of optical manipulation system is shown in Figure 1b . CCD was used to record and observe manipulation process on the top of chip. Programmed patterns could be used to define the light patterns through projector and lens from the back side of chip. Light intensity is fixed during the manipulation. During the manipulation, top and bottom electrode of chip was applied with a ac bias of peak-to-peak voltage (Vpp) of 8 V. 
Results & Discussion
With the ac modulated sine wave applied between top and bottom electrode, the magnetic beads could be collected and moved with light patterns. With a certain bias setup and operation, magnetic beads could be collected. By using the LAPS measurement system with red laser integrated with XY stage [7] , the photocurrent versus bias in different coordination can be collected. As shown in Figure 2 , the photocurrent versus bias voltage curves measured in the area with and without magnetic beads are similar, but a clear higher photocurrent could be found in the area with magnetic beads in the inversion region. As shown in Figure 3a , 2 areas with magnetic beads are collected on the surface of a-Si:H layer. This chip was scanning by LAPS system by controlling the X-Y stage. Photocurrent versus scanning length could be seen in Figure 3b . It can be clearly seen that the high photocurrent shown in the area with magnetic beads. With the differentiation of photocurrent by scanning length, the distance of maximum and minimum value could be calculated as the length of area without magnetic beads. The resolution of photocurrent is not very good since the diameter of illumination are is about 150 µm. The basic photocurrent versus bias voltage of LAPS measurement could be seen in Figure 3d . This proposed methodology could be further integrated with the surface modification of magnetic beads and relative biomarker capture for the improvements of biosensor application. 
Conclusions
Magnetic beads can be fixed on the surface of a-Si:H layer by proper setting in the manipulation. The photocurrent difference by magnetic beads on the same chip can be also measured by LAPS system. A potential lab-on-a-chip is firstly presented by using a photoconductive semiconductor layer of a-Si:H with the ability of manipulation of magnetic beads and the measurement by LAPS. Further optimization of chip design and fabrication are suggested before real biomedical applications. 
